Abstract: The relevance of the diversity of endothelial cells (ECs) for the response to inflammatory stimuli is currently not well defined. Using oligonucleotide microarray technique, we systematically analyzed the tumor necrosis factor (TNF)-induced expression profile in human microvascular ECs (HMEC) and macrovascular human umbilical vein ECs (HUVEC), analyzing 13,000 human genes by microarray analysis. Using strict inclusion and exclusion criteria, microarray analysis revealed that about half of the TNF-induced genes were specific for HMEC-1 or HUVEC. The microarray data could widely be confirmed by quantitative reverse transcriptase-polymerase chain reaction and at the protein level. It is interesting that the majority of these cell types dependently regulated genes encoded for chemokines, cytokines, and cell surface molecules. Our results argue for a more careful consideration of specific effects restricted to distinct subtypes of ECs. The establishment of EC type-specific expression patterns may thus provide the basis for a selective manipulation of specific endothelial subtypes in different inflammatory diseases. J. Leukoc. Biol. 80: 000 -000; 2006.
INTRODUCTION
Inflammatory processes are critically determined by the response of the vascular endothelium to extracellular injury. Distinct stimuli trigger gene expression programs, which result in the transcription of a characteristic battery of pro-and anti-inflammatory proteins. These molecules guide attraction and interaction with leukocytes or platelets, affect vascular permeability and coagulation, and finally, control the course and outcome of inflammatory reactions and determine the composition of the infiltrating leukocytes.
The diversity of the vascular bed is crucially determined by the type of endothelial cells (ECs) lining the inner vessel surface. In many studies, EC cultures are the basis for experimental designs investigating inflammatory reactions of endothelia to derive conclusions for vascular responses regarding inflammation. The most frequently used models to study microand macrovascular ECs in vitro are human microvascular ECs (HMEC) and macrovascular human umbilical vein ECs (HUVEC). However, results of studies based on a given EC type are sometimes transferred uncritically to other types of ECs [1] [2] [3] . Merely, E-selectin is stated frequently to be expressed differentially in HUVEC and HMEC-1, which suggests potential functional differences [4] . Nevertheless, it is tacitly assumed that the responses of both EC types to distinct inflammatory stimuli are basically comparable. Recent studies provided first evidence for differences in basal gene expression profiles of microvascular and macrovascular ECs [5, 6] . So far, only one study exists, which compares the gene expression response of two different ECs (human blood/brain-barrier EC vs. HUVEC) upon stimulation with tumor necrosis factor (TNF) [7] . However, the validity of such data for individual genes is limited as a result of the small number of independent experiments and a limited statistical analysis. Such deficits generally result in a low rate of confirmation of microarray data by independent methods. It remains unclear whether differences in basal gene expression lead to an altered cellular response to distinct inflammatory stimuli in microvascular and macrovascular ECs or whether a potent inflammatory stimulus such as TNF indeed generates roughly comparable responses in both types of EC despite differences in basal gene expression. Characterizing and understanding the diversity of ECs therefore appear to be prerequisites for the interpretation of data obtained from in vitro models with regard to their relevance for inflammatory diseases in man.
We have recently determined the gene expression profile of HUVEC induced by TNF [8] . As such information is not available for HMEC-1, for the first time, we here characterize their gene expression response upon stimulation with TNF using oligonucleotide microarray technique. A high number of independent experiments, strict quality criteria, and an extensive statistical evaluation of 14 independent microarray analyses allowed us to reliably compare microvascular and macrovascular ECs. Besides many genes comparably induced in HMEC-1 and HUVEC, we identified a considerable number of DNA microarray hybridization HMEC-1 were exposed to medium as control or 2 ng/ml TNF for 5 h in three independent experiments. Total cellular RNA was isolated, processed, and hybridized to Affymetrix Human Genome 133 A Gene Chip arrays (Affymetrix, Santa Clara, CA) according to the manufacturer's instructions. Fluorescence data were processed by the MicroArray Suite software 5.0 (Affymetrix). With respect to HUVEC, four independent experiments had been performed as described [8] . Fluorescence raw data of the hybridization were computed and statistically analyzed using the Expressionist Suite software package (GeneData, Basel, Switzerland) as described elsewhere [8] . The complete datasets are deposited in the Gene Expression Omnibus database [Accession Numbers GSE2638 (HMEC) and GSE2639 (HUVEC)].
Comparing TNF-stimulated HUVEC or HMEC-1 with their unstimulated controls, we considered genes with a fold-change of Ͼ2.5 or Ͻ-2.5 and a P value of Ͻ0.05 as expressed differentially. Regarding genes that were called present (on) or absent (off), we defined genes with "on:off" ratios of 3:0, 3:1, 2:0, 0:2, 1:3, and 0:3 between unstimulated to TNF-stimulated HMEC-1 as significantly regulated. On/off events were categorized in grades of expression over background as described before [8] , and ϩ ϭ n-fold range 5-10; ϩϩ ϭ n-fold range 10 -25; ϩϩϩ ϭ n-fold range 25-50; and ϩϩϩϩ ϭ n-fold Ͼ50. Indicated gene accession numbers were derived from the GeneBank database.
Real-time reverse transcriptase-polymerase chain reaction (RT-PCR)
The procedures and conditions for real-time RT-PCR using the QuantiTect SYBR Green PCR kit (Qiagen, Valencia, CA) were the same as described elsewhere [8] . Primers (Supplemental Data, Table 1 ) were designed using the Primer Express software package (Applied Biosystems, Foster City, CA) and obtained from MWG Biotech (Ebersberg, Germany). Gene expression was normalized with respect to the endogenous housekeeping control gene glyceraldehyde 3-phosphate dehydrogenase. Relative expression differences of respective genes were calculated by using the comparative threshold cycle (CT) method as described [10] .
Flow cytometry
For detection of cell surface molecules on ECs, nonspecific binding was blocked with 1% bovine serum albumin in phosphate-buffered saline (PBS), and immunostaining was performed with mouse monoclonal antibodies (mAb) against intercellular adhesion molecule-1 (ICAM-1; Immunotech, Marseille, France), vascular cell adhesion molecule-1 (Dianova, Hamburg, Germany), CD69, CD137 (Becton Dickinson, Heidelberg, Germany), or corresponding isotype controls and fluorescein isothiocyanate (FITC)-conjugated secondstage reagents (Dianova). An intracellular flow cytometry staining procedure was used for detection of chemokines and cytokines as described earlier [11] . Cells were incubated with mAb against fractalkine or IL-1␤ (obtained from R&D Systems) or IL-8 or monocyte chemoattractant protein-1 (MCP-1; obtained from Becton Dickinson), which had been diluted in permeabilization buffer (0.1% saponin/1% FCS/PBS). Thereafter, cells were stained with FITCconjugated second-stage reagents (Dianova). Fluorescence was determined using a FACScan flow cytometer measuring 10,000 ECs, and data were acquired by CellQuest software (Becton Dickinson).
RESULTS

TNF-mediated gene expression profile in HMEC-1
To assess the gene expression profile of TNF-stimulated microvascular ECs, HMEC-1 were cultured according to standard HMEC-1 protocols and exposed to 2 ng/ml TNF for 5 h or left untreated. Total RNA was isolated from HMEC-1 obtained from three independent experiments and processed for DNA microarray hybridization. Restricting the inclusion criteria to a higher-than-2.5-fold increase or down-regulation of gene expression or a considerable on/off switch (for details, refer to Materials and Methods), we identified 86 genes, which were induced upon exposure to TNF, whereas the transcription of only seven genes was down-regulated (the complete and detailed lists of genes are provided as Supplemental Data, Table  2 , A and B). Most of the induced genes were chemokines/ cytokines (12.9%), inflammatory response genes (11.8%), signaling or transcription factors (20.4%), and apoptosis or cell proliferation-related genes (11.8%). Each of the functional groups, "cell surface molecules", "metabolism", "transporter", and "cell structure", comprised 3-8% of the TNF-induced genes in HMEC-1. Our analysis of the TNF-induced gene expression profile in HMEC-1 added 35 molecules to the list of TNF-inducible endothelial genes, which had not been described in ECs before. These include, e.g., CD70, insulin-like growth factor-binding protein 5 (IGFBP5), TNF-␣-induced protein 6 (TNFAIP6), and matrix metalloproteinase 12 (MMP12; Supplemental Data, Table 2 , A and B).
TNF-regulated genes specific for HUVEC or HMEC-1
To assess the most reliable gene expression profiles, HMEC-1 and HUVEC [8] were cultured under conditions that are generally accepted as the most appropriate for them. We consciously did not chose the same culture conditions, as either of them is always suboptimal with respect to cell vitality for the other EC type, which may alter responses to TNF. Potential bias in expression patterns as a result of culture conditions was avoided by relation of all TNF-induced gene expression data to the corresponding background levels of individual genes detected in the respective, unstimulated EC type. We then compared the spectra of differentially expressed genes in HMEC-1 and HUVEC after stimulation with TNF [8] , which allowed us to identify genes that were solely regulated in HMEC-1 or HUVEC. The inclusion criteria for such genes were that a gene was regulated in HMEC-1 or HUVEC and that its fold-change regulations over the respective background differed at least twofold between both EC types. Genes that were induced or repressed significantly in both ECs were not taken into account. Analysis of the altogether 93 TNF-regulated genes in HMEC-1 revealed 46 genes (49%) whose transcription was only increased by TNF in HMEC-1 but not in HUVEC (Table  1) . Conversely, we identified 33 genes of altogether 76 up-or down-regulated genes (43%) in HUVEC, which were not reg- ulated significantly by TNF in HMEC-1 ( Table 2 ). The assignment of these genes to functional groups revealed that considerable differences exist between both EC types with respect to inducibility by TNF. In HUVEC, the major portion of specifically inducible genes belonged to chemokines or cytokines, cell surface molecules, or signaling and transcription factors ( Fig. 1) . In HMEC-1, most genes represented signaling and transcription factors, apoptosis-and cell proliferation-related genes, immune response genes, and cell structure genes ( Fig.  1) . Consequently, the most significant differences arise in chemokines/cytokines, adhesion molecules, and cell surface receptors, which predominated strongly in HUVEC as compared with HMEC-1. Conversely, HMEC-1 significantly exceeded HUVEC with respect to the expression of immune response genes and cell structure genes (Fig. 1) . It is surprising that many of the EC type-specific genes were newly identified by this analysis as TNF-inducible, for example, 22 of 40 genes in the case of HMEC-1 (Table 1 and Supplemental Data, Table 2A ).
Confirmation of microarray data by real-time RT-PCR
To confirm the expression pattern of genes, which were inducible in HMEC-1 and HUVEC, we focused on the chemokine and cytokine repertoire selecting nine chemokines/cytokines and the IL-7 receptor as well as two transcription factors newly identified in HMEC-1 and HUVEC as TNF-inducible for quantitative real-time PCR (Table 3) . Microarray results of these genes ranged from n-fold regulations of 2.5 (IL-15) to 17.3 (IL-8; Supplemental Data, Table 2A , and ref. [8] ). RT-PCR was performed in all experiments of each EC type in seven independent approaches altogether. For all 10 genes, the inducibility by TNF could be confirmed in both EC types, thereby validating microarray data (Table 3) .
To examine whether EC-dependent differences with respect to the TNF inducibility of distinct genes (Tables 1 and 2 ) can also be verified by quantitative RT-PCR, we examined exemplary 19 genes, nine cytokines and cytokine receptors, and an additional 10 genes of other functional groups ( Table 4) . Seven of the nine selected cytokines and cytokine receptors were HUVEC-specific genes. For all of them, results of RT-PCR confirmed TNF-induced expression, primarily in HUVEC with the exception of LT-␤ (Table 4) . Microarray analysis of LT-␤ had shown a strong induction in HUVEC, and it was only weakly switched on in HMEC-1, not fulfilling our strict inclusion criteria for induced genes. RT-PCR rather revealed an induction of LT-␤ in HMEC-1 but confirmed the low transcription level in HMEC-1 by CT values, which were seven to eight cycles higher in HMEC-1 than in HUVEC samples. For two additional HUVEC-specific genes, TRAIL and CAR, we also obtained equivalent results by RT-PCR and microarray analysis with a stronger up-regulation of TRAIL and a stronger down-regulation of CAR upon exposure of HUVEC to TNF (Table 4) . Analysis of Cox2 showed a comparable TNF inducibility in both EC types by RT-PCR (Table 4) , although it is listed as a HUVEC-specific gene, according to microarray analysis (Table 2 ). It is remarkable that Cox2, like LT-␤, again represents a gene with signal values in HMEC-1, which are below the background level upon microarray analysis. Significant, higher CT values in RT-PCR analysis confirmed the low transcription level in HMEC-1 as compared with HUVEC.
Regarding HMEC-1-characteristic genes, we examined nine genes by RT-PCR and confirmed array results of stronger TNF inducibility for TL1, angiopoetin-like 4, MMP1, IGFBP5, TN-FAIP6, and MMP12. With respect to IL-1␤, CD70, and claudin-1, RT-PCR detected a similar TNF inducibility in both EC types, although microarray analysis predicted a significant up-regulation only in HMEC-1. However, RT-PCR analysis e ϩ/Ϫ, The fold-value of the switch-on or switch-off is less than 5.0, which according to our inclusion criteria, is not an unequivocal switch. CXCL2, CXC chemokine ligand 2; Gro-␤, growth-related oncogene-␤; GCP-2, granulocyte chemotactic protein-2; TRAIL, TNF-related apoptosis-inducing ligand; PMA, phorbol 12-myristate 13-acetate; HSP40, heat shock protein 40.
showed that IL-1␤, CD70, and claudin-1 were transcribed at a low level (high CT values). Therefore, low transcription levels appear to be the only clue to discrepancies between microarray and RT-PCR results.
Correlation of gene expression results with protein expression
To verify gene expression at the protein level, intracellular and surface flow cytometry analyses were performed in at least three independent experiments. First, we selected ICAM-1, MCP-1, and IL-8, which are known to be TNF-inducible in ECs. For these genes, inducibility by TNF was confirmed by microarray analysis and verified at the protein level (Fig. 2) . According to microarray data, IL-1␤ is one of the genes that is especially induced in HMEC-1. Intracellular flow cytometry revealed that IL-1␤ is up-regulated in HMEC-1 but not in HUVEC, thus confirming microarray data (Fig. 2) .
CD69 was selected as an example for a HUVEC-specific gene. Flow cytometry clearly demonstrated that CD69 is induced in HUVEC, and expression in HMEC-1 was not detectable, thus again, validating microarray data (Fig. 2) .
The kinetic progression of TNF-regulated gene expression in HUVEC and HMEC-1
To study whether the differences in the TNF-mediated gene expression profiles of HMEC-1 and HUVEC are a result of a different time-course of gene expression, we stimulated both EC types for 1, 3, 5, and 8 h with 2 ng/ml TNF in three independent experiments. We performed quantitative RTPCRs for a selection of genes, which were designated before to a Fold changes were calculated from mean CT values, determined as triplicates from seven independent experiments altogether using the comparative CT method [10] . CCL, CC chemokine ligand 2; ENA78, epithelial-derived neutrophil-activating factor-78; MIP-3␣, macrophage-inflammatory protein-3␣; LARC, liver and activation-regulated chemokine; HIV, human immunodeficiency protein.
be regulated primarily in HUVEC ("HUVEC -specific genes", Fig. 3A) or HMEC-1 ("HMEC-1-specific genes", Fig. 3B ) or to be induced significantly by TNF in both EC types after 5 h of TNF stimulation ("HUVEC-and HMEC-1-shared genes", Fig.  3C ). CXCL6 (GCP-2), CXCL2 (Gro-␤), and LT-␤ were confirmed to be induced primarily in HUVEC (Fig. 3A) . However, for LT-␤, a significantly higher induction in HUVEC compared with HMEC-1 was not visible before 5 h of TNF stimulation (Fig. 3A) . It might be a result of this dynamics that these experiments now confirmed the HUVEC specificity of LT-␤ detected by microarray analysis, which we failed to confirm with the former independent experiments ( Table 4 ). The timecourse of the expression of TL1 shows that a predominant induction in HMEC-1 compared with HUVEC is only true after 5 h of TNF stimulation, whereas the peak of TL1 expression in HUVEC is reached already within 3 h (Fig. 3B) . However, TL1 is the only one of nine genes where a different time-course of gene expression is responsible for our assignments as HMEC-1-specific, HUVEC-specific, or "shared" genes, according to microarray results. With respect to the kinetics of IGFBP5 and MMP12 expression, RT-PCR nicely demonstrates their persistent and predominant induction in HMEC-1 (Fig. 3B) . Furthermore, the assignments of MCP-1, CXCL1, and HIVEP2 to be induced significantly in both EC types hold true over the whole time-dependent course of 8 h (Fig. 3C) .
Effects of different culture conditions on differential gene expression in HUVEC and HMEC-1 after TNF stimulation
The standard culture medium of HMEC-1 is supplemented with HC and EGF, whereas the medium routinely used for culture of HUVEC is free of HC and EGF. Both supplements may exhibit inhibitory or growth-stimulating effects on the cell metabolism, which may result in different expression profiles of HMEC-1 and HUVEC. Therefore, in three independent experiments, we cultured HMEC-1 and HUVEC using standard medium (see Materials and Methods) and compared these with HMEC-1 cultured in the absence and HUVEC cultured in the presence of HC and EGF. All EC cultures were stimulated for 5 h with 2 ng/ml TNF or left untreated. Quantitative RT-PCRs were performed for the same selection of genes as for the kinetic studies (Fig. 4) . Except for LT-␤, which was significantly induced less by TNF in HUVEC cultured with HC and EGF (Fig. 4A) , the addition or omission of HC and EGF did not substantially affect the gene expression patterns observed under standard culture conditions. The n-fold induction of each gene was analyzed by RT-PCR in HUVEC and HMEC-1, comparing transcript quantities in control cells and TNF-stimulated cells. The proportion of the n-fold induction in HUVEC compared with the n-fold induction in HMEC-1 was determined.
b The fold-change of each gene was analyzed by microarray analysis in HUVEC and HMEC-1, comparing control cells and TNF-stimulated cells. The proportion of the fold-change in HUVEC compared with the fold-change in HMEC-1 was determined. c n.s., Not significant. The gene is not expressed significantly in control HMEC-1 or in TNF-stimulated HMEC-1.
d Microarray analysis revealed a regulation of Cox2 by TNF, however, within the background level. Although RT-PCR strictly confirms array data, we kept Cox2 as HUVEC-specific in Table 2 .
e The gene is down-regulated in HUVEC (negative fold-change). Virtually, the ratio of fold-changes in HMEC-1 to HUVEC is therefore even higher than the indicated fold-change in HMEC-1.
DISCUSSION
The vascular endothelium is of central importance for generating the initial response to a broad variety of tissue injuries. ECs are crucial for the recruitment of leukocytes and determine the specific composition of an inflammatory infiltrate. In this context, it is widely accepted that the diversity of ECs in vivo is at least partly responsible for the variability between different organs regarding their response to inflammatory stimuli. However, the molecular basis of these different reaction patterns is currently not well defined. The systematic analysis of gene and protein expression profiles is therefore of great importance and may improve our understanding of the variable responses of different ECs to distinct stimuli. HUVEC and HMEC-1 are the most common cell culture systems for analyzing macro-and microvascular ECs in vitro. Although a recent study revealed considerable differences already in the basal gene expression profiles of HUVEC and HMEC-1 [6] , responses of different EC types to distinct stimuli are often summarized as "EC response" [1] [2] [3] . However, focusing on EC responses to injury and inflammation, basal differences of gene expression are only of interest as far as they influence specific responses of endothelial subtypes to distinct injuries. Systematic analyses of different EC responses to defined stimuli are currently lacking.
With our work, we strive for the detailed comparison of the gene response patterns of HMEC-1 and HUVEC to TNF. In a recent study [8] , we generated the TNF-mediated gene expres- sion profile of HUVEC. In the present study, we also use oligonucleotide microarray technology for a comprehensive analysis of TNF-regulated gene expression in HMEC-1. To not alter the gene responses of the ECs by suboptimal culture conditions, we consciously used the most appropriate culture condition for each cell type to guarantee optimal cell viability and growth. A potential bias in gene expression patterns as a result of slightly different culture conditions was corrected by relation of all TNF-induced gene expression data to the relevant basal expression levels of each individual gene in both EC types. Thus, we focused our analysis exclusively on TNFinduced genes and excluded differences of basal gene expression patterns, which may be a result of differences in cell cycle or metabolism of these two EC types. Compared with other studies [5, 7] , we carefully applied strict quality criteria for a reliable data analysis, which included a sufficient number of independent experiments and the a priori definition of statistical inclusion and exclusion criteria. Consequently, a high reproducibility of statistically validated microarray data by RT-PCR is achieved, confirming 85% of 26 examined genes in HMEC-1. Microarray results, which could not be confirmed by RT-PCR, were mostly related to distinct sensitivities of both methods at low expression levels. Our examples indicated that the inclusion/exclusion criteria used for microarray analysis might miss genes with basal expression levels below the probe set-specific noise. RT-PCR might still detect differences in the expression of such genes as a result of a higher methodological sensitivity. The comprehensive analysis by RT-PCR and direct comparison with microarray data excellently demonstrate the importance of a careful definition of inclusion criteria, which adequately consider gene expression levels. Our study added 35 previously unknown genes to the list of TNF-regulated genes in HMEC-1. These include genes encoding functionally well-characterized proteins such as CD70 [12] , IGFBP5 [13] [14] [15] , TNFAIP6 [16] , MMP12 [17] , or human elongation factor-1 [18, 19] .
It is surprising that comparing the gene expression profiles of HUVEC and HMEC-1 after TNF stimulation, only less than half of the genes were found to be regulated by TNF in a similar manner in both cell types. Even more striking is the fact that the relative distribution of TNF-regulated genes onto functional groups differs considerably between HMEC-1 and HUVEC ECs. Especially when focusing on chemokines and cytokines, our results are in contrast to previous statements that the expression of cytokines in ECs from various tissues does not differ significantly after stimulation with potent, proinflammatory molecules [1] . In HUVEC, TNF stimulation leads to a predominant EC-type, specific expression of chemokines, cytokines, and cell surface molecules. The remarkable, specific induction of genes such as CXCL2 (Gro-␣) [20] , CXCL6 (GCP-2) [21] , CSF-1 (GM-CSF) [22, 23] , or fractalkine [24] in HUVEC points to a higher chemoattractant activity generated after TNF stimulation, especially to neutrophils, monocytes, and activated T lymphocytes. Furthermore, the higher transcription of immunomodulatory genes by HUVEC, such as BMP-2 [25] or LT-␤ [26, 27] , may provide an immunologically different microenvironment for recruited leukocytes. In contrast, the major part of genes induced exclusively by TNF in HMEC-1 is related to apoptosis, cell proliferation, and cell structure genes, which implies that changes in cell structure and EC survival might be especially relevant in these inflammatory microvascular ECs modulating endothelial integrity and barrier function. The most prominent representative of this functional group is VEGF C. The only proinflammatory gene, which is transcribed significantly stronger in HMEC-1 than in HUVEC, is IL-1␤, one of the major acute-phase cytokines responsible for systemic inflammatory responses [1] .
In the present study, we demonstrate for five selected genes that the expression at the mRNA level correlates well with the expression at the protein level. For strongly induced genes such as MCP-1 and IL-8 microarray analysis, RT-PCR and flow cytometry generated consistent results. In contrast to microarray data, results obtained by RT-PCR suggested an induction of the IL1-␤ gene in HMEC-1 as well as in HUVEC; however, the expression level in the latter was low. It is interesting that analysis at the protein level confirmed microarray data of a relevant induction of IL-1␤ only in HMEC-1, indicating that the high sensitivity of RT-PCR sometimes amplifies effects at the RNA level, which finally turns out not to be of biological relevance when studying expression at the protein level. Furthermore, we used quantitative RT-PCR analyses to address possible expression differences that might be a result of different kinetic responses in HMEC-1 and HUVEC and to different culture conditions (absence or presence of HC and EGF in the culture media). When selecting three HUVECspecific genes, three HMEC-1-specific genes, and three HUVEC-and HMEC-1 common genes (Fig. 3) , the recording of RNA expression data over a time period of 8 h validates with only one exception (TL1): the microarray-based assignment to EC type-specific groups regarding expression regulation by TNF. Likewise, RT-PCR analyses of the same selection of genes also demonstrate, with only one exception (LT-␤), that the addition of HC and EGF to the culture medium of HUVEC or the omission of HC and EGF in the HMEC-1 medium does not significantly change the TNF-induced regulation of genes in both EC types as detected by microarray analysis (Fig. 4) .
These results, which support that microarray analyses are a reasonable tool to classify expression profiles in a superior, principal manner and focus on single genes in ECs, always demand the consideration of every condition such as kinetic course of expression, cell type, culture conditions, passage time, and others. Our data clearly indicate that by no means should it be assumed that the response to a stimulus, even to such a strong stimulus such as TNF, is roughly the same in distinct subtypes of ECs. The response to TNF stimulation is highly specific for HUVEC and HMEC-1. It has therefore to be considered that there is a much higher diversity of ECs in vivo, which may result in even greater differences of distinct tissuespecific ECs to inflammatory stimuli in vivo.
In summary, our study generates a comprehensive, TNFmediated gene expression profile in HMEC-1 and characterized in detail the considerably different responses of HMEC-1 and HUVEC to TNF. Our results sensitize to a more cautious interpretation of in vitro data, which should result in a stronger consideration of EC type-specific effects. Conversely, the basis for a selective manipulation of EC subtypes in different inflammatory diseases may be provided by defining EC type-specific expression patterns to distinct, inflammatory stimuli.
